C ENTRAL RETINAL VEIN OCCLUSION (CRVO) IS
initiated by thrombotic occlusion of the main outflow vessel of the retina resulting in retinal hemorrhages, variable amounts of retinal nonperfusion, and macular edema. Branch vein occlusion (BRVO) is initiated from thrombotic occlusion of a proximal branch of the central retinal vein that drains < _50% of the retina. Retinal hemorrhages, variable amounts of retinal nonperfusion, and macular edema also occur after BRVO but on average tend to be less severe, because less of the retina is involved by the occlusion compared to CRVO. While ischemic damage to the macula may contribute, the major cause of reduced visual acuity is macular edema. In patients with relatively recent-onset CRVO or BRVO, intraocular injections of a specific antagonist of vascular endothelial growth factor (VEGF) results in dramatic reductions in macular edema and improvements in visual acuity. 1 This indicates that VEGF is a major cause of macular edema in patients with RVO. This was confirmed by large multicenter trials, and intraocular injections of a VEGF antagonist has become first-line therapy for patients with CRVO or BRVO. [2] [3] [4] [5] [6] Frequent injections of a VEGF antagonist are able to completely eliminate edema in some patients, suggesting that VEGF is necessary for edema in those patients; however, it is difficult to maintain a dry retina, because recurrences often occur when the duration between injections is increased. In other patients, it is not possible to achieve complete elimination of the edema despite monthly injections of a VEGF antagonist, suggesting an inability to neutralize all VEGF or contributions from other pro-permeability factors.
It was initially thought that the goal of treatment in RVO would be to control edema and maintain vision until recanalization of the occluded vessel allowed for normalization of the underlying disease process and elimination of the need for injections. However, it appears that the occlusion is merely the initiator of a dynamic disease process that is driven by retinal ischemia and high levels of VEGF, which promote leukostasis, progression of capillary closure, and increased ischemia. 7 This progression of disease makes continued injections necessary to control edema and some patients experience permanent loss of vision from ischemic damage to the macula or damage from chronic/recurrent edema. 8 In the RETAIN study, with a mean follow-up of 49 months after the initiation of anti-VEGF treatment, only 50% of BRVO patients and 44% of CRVO patients no longer required injections to control edema. 9 In many patients, injections of a VEGF antagonist seemed less effective over time, suggesting evolution or change in the disease process such that other pro-permeability factors may play a more important role.
Corticosteroids bind to cytoplasmic receptors that translocate to the nucleus and cause transcriptional repression of a large number of genes whose products participate in inflammation, vascular leakage, and angiogenesis. [10] [11] [12] The dexamethasone implant reduces edema and improves vision in patients with RVO and has a longer duration of effect than intraocular injection of currently available VEGF antagonists. 13 It is an appealing alternative in patients who have residual edema despite anti-VEGF injections or who require frequent injections to control edema. While it is assumed that it reduces many factors that might contribute to edema, there are little data regarding this point. In this study, a vasoactive protein array was used to measure levels of aqueous proteins known to influence vascular cells prior to and after injection of a dexamethasone implant, and changes in protein levels were correlated with changes in edema.
METHODS

STUDY PROCEDURES:
The Ozurdex for Retinal Vein Occlusion (ORVO) Study was an investigator-initiated study funded by Allergan, Inc (Irvine, California, USA). The protocol was approved by the Institutional Review Board of the Johns Hopkins Medical Institutions and was conducted in compliance with the Declaration of Helsinki, US Code 21 of Federal Regulations, and the Harmonized ''Tripartite Guidelines for Good Clinical Practice (1996) . The study was registered on February 8, 2013 at www. clinicaltrials.gov (NCT01790685). All patients provided informed consent. Forty subjects with RVO (17 with BRVO and 23 with CRVO) were enrolled. Disease duration for each patient was calculated from when the patient first developed macular edema until the baseline visit. Because patient reporting is often unreliable, only injections documented in records were used to determine the number of prior anti-VEGF injections. Response to prior anti-VEGF therapy was graded as good, moderate, or poor depending on whether all intraretinal fluid could be eliminated by monthly injections or how frequently anti-VEGF injections had to be given to maintain a dry macula. Qualitative measurement of nonperfusion at baseline were made using ultra-widefield fluorescein angiography (Optos 200Tx, Optos, Dunfermline, Scotland, UK) done at or prior to the baseline visit. At baseline and at all subsequent visits, subjects had measurement of best-corrected visual acuity (BCVA) using the Early Treatment Diabetic Retinopathy Study (ETDRS) protocol, ophthalmologic examination including measurement of intraocular pressure, spectraldomain optical coherence tomography (SD OCT) using the Spectralis machine (Heidelberg Engineering, Inc, Carlsbad, California, USA), and an anterior chamber tap. Aqueous samples were stored at À80 C. Patients were given an intraocular injection of a dexamethasone implant in the study eye at baseline. Povidone-iodine was used to clean the conjunctiva and 2% lidocaine was injected under the conjunctiva. The 22 gauge needle of the injector was inserted through the pars plana and the dexamethasone implant was injected into the vitreous cavity.
FUNCTIONAL AND ANATOMIC OUTCOMES: The major functional outcome measure was change from baseline BCVA in ETDRS letter score at weeks 4, 8, 12, and 16. One anatomic outcome was the change from baseline center subfield thickness at weeks 4, 8, 12, and 16. Excess foveal thickness (EFT) was calculated for each subject by subtracting the minimum foveal thickness during the course of the disease (edema-free thickness, which in each case was <320 mm) from the foveal thickness at baseline and at weeks 4, 8, 12, and 16. Percent change in EFT at each time point was calculated using the following formula: % change in EFT at a time point ¼ (EFT at baseline-EFT at time point)/EFT at baseline. In addition, qualitative changes in intraretinal fluid were graded by side-to-side comparisons of baseline, week 4, and week 16 SD OCT scans.
VASOACTIVE PROTEIN ARRAYS:
The levels of vasoactive proteins in aqueous at baseline and at week 4 were measured in 11 eyes with BRVO and 11 eyes with CRVO at IMGENEX Corporation (San Diego, California, USA) using the Human Angiogenesis Antibody Array Kit (catalog number ARY007; R&D Systems, Inc, Minneapolis, Minnesota, USA). Samples obtained at week 16 were also included for 3 eyes with BRVO and 1 with CRVO. Aqueous samples (115 mL) were blotted on the membrane, which was stored for 16 hours at 4 C and further processed according to the manufacturer's instructions. Each array membrane was exposed to x-ray film for short-term and long-term exposures. The positive signals detected on the developed x-ray film were quantitated using TotalLab Quant software (Gentel Biosciences, Inc, Madison, Wisconsin, USA). Results are reported as percent change from baseline. ENZYME-LINKED IMMUNOSORBENT ASSAYS: Protein arrays indicated a reduction in aqueous levels of hepatocyte growth factor in several patients between baseline and week 4 and therefore enzyme-linked immunosorbent assay (ELISA) was used to measure aqueous levels of hepatocyte growth factor and VEGF in another cohort of RVO patients at baseline, week 4, and week 16 (when week 16 samples were available). Levels of hepatocyte growth factor and VEGF were measured in aqueous samples using ELISA kits for each (Abcam, Cambridge, Massachusetts, USA) using the manufacturer's instructions. Briefly, 100 mL of each aqueous sample diluted 1:1 in dilution buffer or 100 mL of hepatocyte growth factor or VEGF protein standard was added to a well of a 96-well plate and incubated at 4 C overnight. After wells were washed 4 times, 100 mL of biotinylated anti-hepatocyte growth factor or anti-VEGF antibody was added to each well and incubated for 1 hour at room temperature. After 4 washes, 100 mL of horseradish peroxidase-streptavidin solution was added to each well and incubated for 45 minutes at room temperature. After wells were washed 4 times, 100 mL of 3,3 9 -5,5 9 tetramethylbenzidine substrate reagent was added to each well and after 30 minutes the reaction was stopped by adding 50 mL of stop solution. Absorbance at 450 nm was measured on a plate reader. The readings from the standards were used to generate standard curves of absorbance vs hepatocyte growth factor or VEGF. The hepatocyte growth factor and VEGF concentration in each sample was calculated by plotting absorbance on the respective standard curve.
CORRELATION OF CHANGES IN VASOACTIVE PROTEINS WITH CHANGES IN EDEMA:
The diversity of protein levels and center subfield thickness were calculated as percentage change in their measurements at week 4 relative to baseline:
where FC Protein and FC CST are the changes in protein level and center subfield thickness, and E B , E W4 , CST B , and CST W4 represent the protein level and center subfield thickness at baseline and week 4, respectively. In order to estimate the correlation between percent reduction in protein level and percent reduction in excess foveal thickness, the Pearson correlation coefficient was calculated using R.
RESULTS
DEMOGRAPHICS AND BASELINE CHARACTERISTICS:
The ORVO trial enrolled 40 subjects with macular edema, 17 with BRVO and 23 with CRVO. Most subjects had long-standing macular edema with a median duration of 40 months for patients with BRVO and 45 months for patients with CRVO, but there were also a few patients who had a relatively short duration of disease (Table 1 ). All subjects had previously been treated with anti-VEGF injections, with a median of 13.9 (BRVO, n ¼ 14) or 18.9 (CRVO, n ¼ 21); only documented injections were counted, not those based on patient history, and therefore these means are minimums and actual means may be larger. Detailed information regarding prior response to anti-VEGF injections was available for 12 patients with BRVO and 20 patients with CRVO. During periods of monthly or in some cases less frequent injections, there was minimal residual intraretinal fluid in 4 subjects with BRVO and 11 subjects with CRVO, while in 8 subjects with BRVO and 9 with CRVO there was substantial residual intraretinal fluid even during periods of monthly injections. The median BCVA at baseline in ETDRS letter score (Snellen equivalent) was 60 (20/63) in eyes with BRVO and 54 (20/80) in eyes with CRVO. The median central subfield thickness at baseline was 453 mm in eyes with BRVO and 539 mm in eyes with CRVO, but there were differences among patients with thickening and intraretinal fluid ranging from mild to severe.
PATIENT DISPOSITION: Three patients exited the study early. Subject B7 fell and suffered trauma after the week 4 visit and could not continue, Subject B11 withdrew consent after the week 12 visit, and Subject C14 was lost to follow-up after the week 4 visit. This had little impact on the study because the primary outcome was based on the correlation between change in central subfield thickness and aqueous vasoactive protein levels between baseline and week 4.
ANATOMIC AND VISUAL OUTCOMES: In this population of patients with chronic/recurrent macular edema due to BRVO or CRVO, there were substantial reductions from baseline mean central subfield thickness at weeks 4 and 8, with increases at week 12 ( Figure 1 , Top). This was accompanied by improvements in BCVA at weeks 4 and 8 after injection of a dexamethasone implant with reductions at week 12 and some reversal at week 16 owing to rescue injections (Figure 1, Bottom) .
In addition to the mean changes in the subject population, it is important to examine changes in individual subjects considering the differences among patients in duration of disease, severity of edema at baseline, amount of retinal nonperfusion at baseline, and number of prior injections of a VEGF antagonist (Supplemental Tables 1  and 2 , available at AJO.com). To assess differences among patients with regard to severity of edema at baseline and response to dexamethasone implant injection, we examined SD OCT horizontal cross sections through the fovea, BCVA, and center subfield thickness at each study visit (Supplemental Figures 1 and 2 , available at AJO.com). However, a horizontal cross section may not provide a good indicator of edema in all patients, because in some, intraretinal fluid was slightly above or below the horizontal meridian (Supplemental Table 2 , B7). While the anatomic responses were generally very good and in many cases impressive, improvements in BCVA were more variable, probably owing to macular damage from chronic/recurrent edema or ischemic damage, as suggested by macular thinness and/or irregularity after edema reduction in many patients.
CHANGES IN AQUEOUS LEVELS OF VASOACTIVE PRO-TEINS AFTER INJECTION OF DEXAMETHASONE IMPLANT:
Aqueous samples obtained at baseline and 4 weeks after injection of a dexamethasone implant for 11 subjects with BRVO and 11 subjects with CRVO were run on a vasoactive protein array. Table 2 shows the proteins on the array that were detected in at least some of the aqueous samples of some patients and those that were not detected in any of the samples. The major objective of this study was to determine the relative differences in aqueous vasoactive protein levels between baseline and week 4 and correlate those changes with reduction in edema. To quantitatively assess the correlation between percentage decrease in excess foveal thickness and percentage reduction in each protein between baseline and week 4, percentage decrease in excess foveal thickness was calculated as described in Methods and plotted against percentage change in protein level. The percentage decrease in pentraxin 3 (Pearson correlation coefficient¼ 0.685, P ¼ .014) and persephin (Pearson correlation coefficient ¼ 0.638, P ¼ .003) correlated with reduction in excess foveal thickness (Figure 2 ), but for all of the other proteins there was not a significant correlation.
Supplemental Tables 3 and 4 (available at AJO.com) show the proteins for which there were changes between baseline and week 4 for BRVO and CRVO subjects, respectively. The proteins are divided into the following categories: (1) reduced > _70%, (2) reduced > _50%, (3) reduced > _30%, (4) reduced 10%-0%, (5) no change (defined as decreased or increased by <10%), (6) increased by > _10%, or (7) undetected in baseline sample. These data demonstrate that there are a large number of proteins that are reduced in eyes with macular edema after injection of a dexamethasone implant and there is substantial heterogeneity among patients. We selected a 30% reduction as the threshold of a clinically meaningful reduction that potentially could contribute to reduction in edema.
The median number of proteins that were decreased > _30% between baseline and week 4 was 7 (range 0-21) in eyes with BRVO and 9 (range 3-17) in eyes with CRVO (Supplemental Tables 3 and 4 , available at AJO. com).
Proteins that were reduced by > _30% in the majority of the 22 dexamethasone implant-injected eyes with RVO were hepatocyte growth factor; endocrine gland VEGF; insulin-like growth factor binding proteins 1, 2, and 3; and endostatin (Table 3) . Considering BRVO (Table 3 , Top) and CRVO (Table 3 , Bottom) separately, at least 4 of each showed > _30% reductions in hepatocyte growth factor; endocrine gland VEGF; insulin-like growth factor binding proteins 1, 2, and 3; activin-A; and endostatin.
The levels of hepatocyte growth factor and VEGF at baseline, week 4, and (when available) week 16 were measured in aqueous samples from the 6 remaining eyes with BRVO and the 12 remaining eyes with CRVO by ELISA. Levels of hepatocyte growth factor were greater than those of VEGF in all eyes, but they were in the same range, with a mean of 145.9 pg/mL in eyes with CRVO and 212.8 pg/mL in eyes with BRVO for hepatocyte 
ADAMTS-1 ¼ A disintegrin and metalloproteinase with thrombospondin motif protein-1; CXCL4 ¼ C-X-C motif ligand 4; CXCL16 ¼ C-X-C motif ligand 16; DPP-IV ¼ dipeptidyl peptidase-4; EGF ¼ epidermal growth factor; EG-VEGF ¼ endocrine gland vascular endothelial growth factor; FGF ¼ fibroblast growth factor; GDNF ¼ glial cell line-derived neurotrophic factor; GM-CSF ¼ granulocyte macrophage colony-stimulating factor; HB-EGF ¼ heparin-binding epidermal growth factor; HGF ¼ hepatocyte growth factor; IGFBP ¼ insulin-like growth factor binding protein; IL ¼ interleukin; MCP-1 ¼ monocyte chemoattractant protein-1; MIP-1a ¼ macrophage inhibitory protein-1a; MMP ¼ matrix metalloproteinase; NRG1 ¼ neuroregulin 1; PD-ECGF ¼ platelet-derived endothelial cell growth factor; PDGF ¼ platelet-derived growth factor; PlGF ¼ placental growth factor; TGF-b1 ¼ transforming growth factor-b1; TIMP ¼ tissue inhibitor of metalloproteinases; uPA ¼ urokinase; VEGF ¼ vascular endothelial growth factor. growth factor vs 86.6 pg/mL and 63.0 pg/mL for VEGF. There were 20%-64% reductions in hepatocyte growth factor in association with reduced macular edema in 5 of 6 patients with BRVO, and in 2 patients for whom samples were available at week 16 there was an increase in hepatocyte growth factor between weeks 4 and 16 associated with recurrent edema (Supplemental Table 5 , available at AJO. com). Of the 5 eyes with BRVO that showed a reduction in hepatocyte growth factor, 4 showed 18%-74% concomitant decreases in VEGF. The 1 BRVO eye that showed an 187% increase in hepatocyte growth factor between baseline and week 4 showed a 37% reduction in VEGF. Of the 12 eyes with CRVO, 9 showed complete or nearly complete resolution of severe or moderate macular edema and 3 showed modest reductions in edema between baseline and week 4. Hepatocyte growth factor was reduced in 7, unchanged in 2, and increased in 3, while VEGF was reduced in 5, unchanged in 2, increased in 4, and not tested in 1 owing to insufficient sample (Supplemental Table 6 , available at AJO.com). All of the eyes showed a reduction in hepatocyte growth factor or VEGF except 1 eye in which both were increased; this eye had minimal reduction in central subfield thickness, which was 539 mm at baseline and 435mm at week 4.
EFFECTS OF DEXAMETHASONE IMPLANTS ON INTRAOC-
ULAR PRESSURE: Three of the 40 patients (7.5%) had an IOP above 30 during the trial and 2 of those patients had the increase in IOP after a second rescue injection of a dexamethasone implant. Seven patients (17.5%) required an IOP-lowering drop and in 2 it was administered after a second dexamethasone implant injection.
DISCUSSION
MOST PATIENTS WITH BRVO OR CRVO RECEIVE SUBSTANtial benefits from injections of a VEGF-neutralizing protein, but prolonged treatment is often needed. In some patients, monthly injections of an anti-VEGF neutralizing protein do not eliminate edema, suggesting that in these patients VEGF is not completely neutralized or other propermeability factors are contributing to edema. Only 50% of patients with BRVO and 44% of patients with CRVO have resolution of edema with no need for further injections after 4 years of anti-VEGF injections. 9 In many of these patients, anti-VEGF injections become less effective at reducing intraretinal fluid over time, suggesting that while VEGF was the predominant cause of leakage initially, other vasoactive factors may contribute to chronic/recurrent edema. Many studies have reported elevated levels of a single or a few vasoactive proteins in eyes with macular edema due to RVO, but the mere presence of a protein does not prove that it contributes to edema, particularly in an eye in which injection of a specific VEGF antagonist is able to eliminate all edema.
In this study, we used a different strategy. First, we focused on patients with chronic/recurrent macular edema secondary to RVO. Some of these patients had elimination of most intraretinal fluid during periods of monthly injections (or in some patients, less frequent injections) of a VEGF antagonist; however, some patients chose to reduce visit frequency and tolerate bouts of recurrent edema. Eight patients with BRVO and 9 with CRVO had substantial residual intraretinal or subretinal fluid even during periods of monthly injections. The second aspect of the strategy was to measure levels of 55 vasoactive proteins before and after injection of a dexamethasone implant and correlate improvements in edema with reductions in aqueous proteins.
The first important observation is that injection of a dexamethasone implant resulted in a marked reduction in intraretinal fluid in most patients with chronic/recurrent edema due to RVO, but there were some differences among patients, with most having no or minimal residual intraretinal fluid at week 4, while others had substantial residual fluid. In general, benefits were maintained for 8 weeks in almost all patients, 12 weeks in some patients, and 16 weeks in only a few patients. A second important observation is that there is substantial heterogeneity with regard to measureable levels of vasoactive proteins in the aqueous of patients with chronic/recurrent macular edema due to RVO and the manner in which those proteins change in association with reduction in edema. The median number of proteins reduced by > _30% between baseline and week 4 in 11 eyes with BRVO was 7, but there was substantial variability, with a range of 0-21. In 2 eyes with BRVO in which severe edema was substantially reduced after injection of a dexamethasone implant, none of the 55 proteins on the array were reduced by > _30%, while in another eye in which edema was reduced from moderate at baseline to mild at week 4 there was a reduction > _30% in 21 proteins. In 11 eyes with CRVO the number of proteins reduced by > _30% in association with reduced edema ranged from 3 to 17 with a median of 9. These data indicate that there is not one single factor in addition to VEGF that is a major contributor to macular edema in all patients with RVO, but instead there are likely to be different contributors in different patients. Despite the high degree of heterogeneity, there were 2 factors, persephin and pentraxin-3, for which there was a modest (0.64, 0.68) statistically significant correlation between percentage reduction in protein level and percentage reduction in edema. Persephin belongs to the glial cell line-derived neurotrophic factor family of ligands, a subgroup of the transforming growth factor b superfamily.
14 Binding of persephin to its receptor results in Ret kinase activation. 15 Ret kinase mutations promote papillary thyroid carcinoma and multiple endocrine neoplasia types 2A and 2B. 16 Persephin knockout mice are hypersensitive to cerebral ischemia and have a 3-fold increase in infarct volume compared to wild-type mice after occlusion of the middle cerebral artery. 17 The role of persephin in the retina is uncertain and therefore it is not known if the dexamethasone implant-induced reduction in persephin that correlates with reduction in edema has any physiologic or pathologic effect. Pentraxin-3 is a member of the pentraxin family of fluid phase pattern recognition molecules that is induced in many cell types, including endothelial cells and leukocytes, by the inflammatory cytokines interleukin-1b and tumor necrosis factor-a.
18,19 Serum levels of pentraxin 3 provide a biomarker of inflammation particularly associated with vascular injury.
20,21 Several studies have suggested that an increase in serum pentraxin 3 levels in patients with coronary artery disease suggests vulnerable plaque and is a negative prognostic sign in patients with acute myocardial infarction.
22,23
Previous studies have measured increased levels of pentraxin 3 in the vitreous of patients with BRVO 24 or CRVO. 25 Steroids have been shown to reduce leukocyte-derived pentraxin 3 and increase fibroblast-derived pentraxin 3, 26 and thus the reduction of pentraxin 3 after injection of a dexamethasone implant in eyes with RVO may indicate reduced inflammatory cells and/or their activity.
Understanding that RVO patient heterogeneity regarding ocular levels of vasoactive proteins and their correlation with macular edema prevents definitive conclusions as to which other proteins contribute to edema, it is still useful to examine which proteins with known propermeability activity most consistently showed reductions of > _30% to provide candidates for future studies. Those pro-permeability factors that correlate with changes in macular edema in the largest percentage of patients with RVO are hepatocyte growth factor, endocrine gland VEGF, and activin-A. The protein array findings for hepatocyte growth factor were confirmed by ELISA, increasing confidence in their validity. Hepatocyte growth factor is proangiogenic, 27 increases permeability through endothelial cell monolayers, 28 and causes vascular leakage in the eye. 29 Patients with proliferative diabetic retinopathy have increased levels of HGF in the vitreous. 30 Under normal conditions, endocrine gland VEGF is expressed only in endocrine glands, 31,32 so its presence in eyes with macular edema due to RVO is a bit surprising, but perhaps it should not be, because aberrant expression is a common feature of diseased tissue. Endocrine gland VEGF is not structurally related to VEGF and binds to G protein-coupled receptors rather than tyrosine kinase receptors. Under normal circumstances expression of the receptor may be limited to endothelial cells of endocrine glands contributing to tissue specificity, because injection of adenoviral vectors that increase expression of endocrine gland VEGF has no effect in skin or skeletal muscle but induces angiogenesis in the ovary 31 ; therefore, in order for the increased levels of endocrine gland VEGF in some eyes with RVO to have biologic significance, there must also be aberrant expression of 1 of the 2 endocrine gland VEGF receptors on diseased retinal endothelial cells. If there is, then steroid-induced reduction of endocrine gland VEGF could contribute to the anti-permeability effects of dexamethasone implants, because stimulation of endocrine gland VEGF receptors promotes fenestrae and leakage. Activin-A is a glycoprotein that is a member of the transforming growth factor-b superfamily. 33 It forms dimers that bind to activin receptors on endothelial cells and stimulates tube formation in vitro. 34 Activin A stimulates expression of VEGF and promotes corneal neovascularization. 35 Thus it is reasonable to postulate that its reduction after dexamethasone implant injection may contribute to edema reduction.
Our discussion has been limited to proteins that showed changes that correlated with edema in a substantial number of patients, but there were many proteins that showed correlations in a few patients. It is expected that many of these are due to chance, but we cannot rule out the possibility that some of these proteins should also receive consideration and further testing. Protein changes detected in all patients are shown in Supplemental Tables 5 and 6 (available at AJO.com) so that other investigators can give this matter consideration. It should also be noted that there are vasoactive proteins that were not included on the protein array and it is possible that some of those deserve consideration.
In summary, our data suggest that patients with chronic/ recurrent edema due to RVO differ with respect to the number and identity of vasoactive proteins detectable in the aqueous. This suggests that there may be changes in the disease process over time that could influence therapeutic response. Despite this heterogeneity, intraocular injections of dexamethasone implants are generally quite effective in most patients with chronic/recurrent edema due to RVO, causing substantial reduction in edema for about 2-3 months. The reduction in edema is associated with decreases in multiple factors, many of which increase as edema recurs. While we cannot say for certain which of these factors contribute to edema, it is likely that multiple proteins contribute and the contributors differ among patients. This indicates that dexamethasone implants provide a useful multitargeted approach. Regardless of the benefit provided by dexamethasone implants in the majority of patients, knowing which of these factors contribute to edema would be useful to design more specific combination treatments, since not all patients can tolerate prolonged use of intraocular steroids because of increased intraocular pressure. The most compelling candidates are hepatocyte growth factor, endocrine gland VEGF, and activin-A. To test the hypothesis that these proteins contribute to edema, it will be necessary to determine the effect of specific antagonists for these proteins on edema in a similar patient population. VOL. 160, NO. 2 321.e2 PRO-PERMEABILITY FACTORS AND MACULAR EDEMA SUPPLEMENTAL FIGURE 1. Foveal horizontal spectral-domain optical coherence tomography scans at each study visit for patients with branch retinal vein occlusion who received a dexamethasone implant. Horizontal scans through the fovea at each study visit are shown for 17 patients with branch vein occlusion (B1-B17), divided into 4 images: (1) B1-B5, (2) B6-B10, (3) B11-B15, and (4) B16-B17. Visits at which a dexamethasone implant was injected are indicated by Dex in the lower right of the box and visits at which an anti-vascular endothelial growth factor (anti-VEGF) injection was given are indicated by anti-VEGF in the lower right of the box. The central subfield thickness is shown in the upper left and the best-corrected visual acuity in Early Treatment Diabetic Retinopathy Study letter score is shown in the upper right of each box. Blank boxes indicate a missed visit.
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